Purpose: This study explores whether gender, age and race differences in oral sexual behavior account for the demographic distribution of oral human papillomavirus infection (HPV) and HPV-positive oropharyngeal cancer (HPV-OSCC) Methods: This analysis included 2,116 men and 2,140 women from NHANES (2009-10) who answered a behavioral questionnaire and provided an oral-rinse sample for HPV detection. Weighted prevalence estimates and prevalence ratios (PR) were calculated for sexual behaviors and oral HPV infection by gender, age-cohort (20-29, 30-44, 45-59, 60-69), and race, and contrasted with incidence rate ratios (IRR) of OSCC from SEER 2009. Multivariate logistic regression was used to evaluate predictors of oral sexual behavior and oral HPV16 infection.
Background
Human papillomavirus (HPV), a sexually transmitted infection, causes a subset of oropharyngeal squamous cell cancers (OSCCs). [1] From 1973 to 2004, the incidence of HPV-positive OSCC (HPV-OSCC) in the United States (U.S.) rose steadily, while the incidence of HPV-negative OSCC (HPVn-OSCC) decreased. [2, 3] The decline in HPVn-OSCC has largely been attributed to the success of anti-smoking campaigns. [4] By contrast, the recent rise in HPV-OSCC has been speculated to be a result of the sexual revolution coupled with the maturation of the so-called ''baby boom'' generation [2, 5] .
In recent decades sexual behaviors have changed; the age of sexual initiation has decreased, and the lifetime number of sexual partners has increased. [6] [7] [8] [9] [10] [11] [12] In addition, ever having performed oral sex varies with age and may differ by race, [12] with oral sex being more prevalent among whites (,75%) than blacks (,62%) or Hispanics (,63%). [13, 14] Interestingly, the increase in HPV-OSCC incidence in the U.S. is observed among men and whites, but not among women or blacks. [2] Indeed, individuals with HPV-OSCC have a distinct demographic profile, tending to be male, younger, and of higher socioeconomic status than those with HPVn-OSCC. [1, [15] [16] [17] [18] Studies consistently report that a significantly higher proportion of white (21-64%) than black (0-35%) OSCC cases are HPV-positive. [15] [16] [17] [18] [19] The lower proportion of HPV-OSCC among blacks might be explained by a higher incidence of HPVn-OSCC and/or lower rates of HPV-OSCC among blacks than whites [16, [19] [20] [21] .
Similar to the differences seen in HPV-OSCC rates, oral HPV prevalence in the general population varies by gender, age, and race. [22] Presently, it is unclear whether differences in sexual behavior of men, younger age cohorts, and whites, explain the higher oral HPV infection and HPV-OSCC rates in these groups. Therefore, we examined differences in sexual behaviors by gender, age-cohort, and race in a nationally representative sample, to explore whether the observed epidemiologic differences in oral HPV infection and OSCC rates reflect differences in sexual behaviors across these groups.
Methods
Data from the 2009-10 National Health and Nutrition Examination Survey (NHANES) were used in this analysis. NHANES is a stratified multistage probability sample of the U.S. population, that oversamples blacks and Hispanics, and people $60 yo [23] .
Behavioral Data
Demographic data was collected using an interviewer administered survey. Race and ethnicity were self-identified by participants and reported by NHANES as: Mexican-American, other Hispanic, non-Hispanic white, non-Hispanic black, and other race including multi-racial [23] .
Sexual behavioral data were collected by audio computerassisted interview (ACASI). Variables included ever having had any sex, ever performing oral sex (referred to as ''oral sex'' hereafter), age at first sex, and age first performed oral sex. Age at first oral sex was compared to age at first sexual act (referred to as ''sexual debut'' hereafter); we considered first oral sex to be ''at'' sexual debut if age at first oral sex was the same as age at first sex. Number of lifetime partners for any kind of sex, vaginal sex, and performing oral sex, were each collected separately. Number of lifetime partners reported in this paper is a sum of both male and female partners. Participants $60 yo were not asked about lifetime number of oral sex partners therefore analysis for this variable was restricted to those between 20-59 yo. Women $60 yo were not asked about number of female (i.e. lesbian) sexual partners. Subjects ,20 years of age were excluded because of more limited sexual data in this group and because their current sexual experience does not reflect their expected cumulative exposure.
Oral Rinse Samples and HPV DNA Detection
Oral rinse sample collection and HPV detection (Roche Linear Array HPV Genotyping Test) are described on the NHANES website and by Gillison et al. [22, 23] Individuals positive for any of the 37 HPV types were considered to have a prevalent oral HPV infection. [22, 24] As more than 90% of HPV-OSCCs are caused by HPV16, oral HPV16 prevalence was also considered separately.
Statistical Analysis
Analysis for this study was restricted to individuals 20-69 yo, as the ACASI was not administered to older individuals. 5,001 individuals of this age completed any part of the 2009-10 ACASI, however, analysis was restricted to the 4,256 (85%) who answered the sexual behavior questions.
Weighted prevalence estimates were reported. The primary outcomes of interest were history of ever performing oral sex and number of lifetime oral sex partners. These outcomes were stratified by gender, age-cohort, and race/ethnicity. Age categories were chosen a-priori to represent generational cohorts who had expected peak sexual exposure around the 1960s, 1970-85, 1986-99 & 2000-10; subjects were divided by age into these corresponding strata of 60-69 yo (called ''seniors'' hereafter), 45-59 yo (''middle-aged''), 30-44 yo (''adults''), and 20-29 yo (''young adults''). To account for the complex NHANES survey design, all analyses used NHANES 2009-2010 MEC sample weights, and thus provided unbiased estimates of behavior and oral HPV prevalence for the civilian, non-institutionalized U.S. population. Variances were computed with SUDAAN software version 10.0.1 (RTI, Research Triangle Park, North Carolina) using the Taylor series linearization method. Wald F p-values were used to compare weighted prevalence between groups. For continuous variables, weighted means were compared using analysis of variance with Wald F p-values.
The association of gender, age-cohort and race with odds of ever having performed oral sex was explored using multivariate logistic regression. Multivariate risk factors for any prevalent oral HPV and with oral HPV16 infection were each similarly modeled. These models were adjusted for potential confounders including: any college education, ever married, ever smoked cigarettes (.100 cigarettes in lifetime), and ever drank alcohol regularly ($1 drink/ month), each yes/no; models for HPV also adjusted for either ever oral sex (among all subjects), or for number of oral sex partners (among 20-59 yo). With the exception of age-cohort, gender, and race, only covariates that were statistically significant were retained in the final multivariate models. Multivariate associations with number of lifetime oral sex partners were similarly explored using linear regression, restricting to individuals ,60 years olds since this data was not collected among older individuals. Prevalence ratios (PR) were calculated for oral sexual behaviors of interest and oral HPV16 infection.
Age-adjusted incidence rate ratios (IRR) of OSCC were similarly compared by gender, age-cohort, and race, using data from the 2009- 10 
Results
Data from 2,116 men and 2,140 women between the ages of 20 and 69 were included in this analysis (Table S1 in File S1). Participants were primarily heterosexual (92.5%), and half had more than five lifetime sexual partners (50.3%).
Differences in Behavior by Gender
Sexual behaviors of interest were first compared by gender ( Given the behavioral differences observed between men and women, additional age-cohort analyses were stratified by gender (Table 2) . Among both genders, older age-cohorts had fewer lifetime sexual partners and an older age of sexual debut (each p#0.02). While the majority of individuals in each age-cohort, including seniors, reported ever performing oral sex, seniors were significantly less likely to have ever performed oral sex than adults (males 73.9% vs. 91.4%; females 71.6% vs. 89.1%, each p,0.001) (Table 2, Figure 1 ). Oral HPV and oral HPV16 prevalence did not differ significantly across age-cohorts for both genders (Table 2) . For both genders and all age-cohorts, the majority of individuals had fewer lifetime oral than vaginal sexual partners. However, young men and women were more likely than older age groups to have oral sex at/around sexual debut (each p,0.01, Table 2 ).
Differences in Behavior by Race
Given the observed differences in prevalence of oral HPV16 infection and incidence of HPV-OSCC among racial groups in the U.S., we also evaluated the prevalence of sexual risk factors by race/ethnicity. The number of lifetime sexual and oral sex partners and age of first sex varied considerably between racial and ethnic groups (Table 3) . Across all age-cohorts white men and women were more likely than individuals of other races and ethnicities to have ever performed oral sex (each p,0.001, Figure 1 ).
White men had the highest number of lifetime oral sex partners (mean = 12.6), and the youngest age of first performing oral sex (mean = 19.0 yo) compared to all other racial/ethnic groups (Table 3 , p,0.001). By contrast, black men had the highest number of lifetime sexual partners for any sexual act (mean = 26.6, p = 0.024) and the youngest age of first sexual act (mean = 15.5 yo, p,0.001). White men were significantly more likely than black men to have .5 lifetime oral sex partners (38.8% vs. 20.7%, p,0.001) and to have performed oral sex at/around sexual debut (43.5% vs. 17.6%, p,0.001). A lower proportion of men reporting .5 lifetime oral sex partners was also observed among MexicanAmerican men (14.4%, p,0.001) and men of other race (15.7%, p = 0.002), although not among other Hispanic men (33.8%, p = 0.23) compared to white men. Similar differences were observed between white and black women (Table 3) , and when comparing white women with Mexican-American, Hispanic, women of other race (Table 3) .
Reporting fewer lifetime oral than vaginal sexual partners was significantly more common among blacks than whites (men 79.7% vs. 59.2%; women 82.0% vs. 66.4%, each p,0.001). Similar differences were observed when comparing whites with other racial/ethnic groups (Table 3) .
Relative Differences in Oral HPV Infection and Oropharyngeal Cancer
The behavioral differences observed by gender, age-cohort, and race are consistent with changing HPV-OSCC trends; i.e. males, younger age-cohorts, and whites were significantly more likely to report oral sexual behaviors of interest. To understand whether these behavioral differences could explain the observed demographic differences in oral HPV16 infection and HPV-OSCC incidence, we compared the prevalence ratios of oral sexual behaviors and oral HPV16 infection, with SEER incidence rate ratios of OSCC across these groups of interest (Table 4) .
While prevalence of ever oral sex was similar in men and women (PR = 1.03), men were ,seven times more likely than women to have oral HPV16 infection and ,five times as likely as women to be diagnosed with OSCC (Table 4) . Number of oral sex partners was higher in men than women (PR for.5 lifetime oral sex partners = 1.8; PR for .10 lifetime oral sex partners = 3.0), but these behavioral ratios were notably smaller than those for oral HPV16 prevalence and OSCC by gender.
When examining prevalence ratios by age-cohort, older men were moderately less likely to report oral sexual behaviors (PRs 0.77-0.96), but had non-significantly higher oral HPV16 prevalence (PR = 1.3). As expected, OSCC rates increased dramatically with older age (IRR = 8.1, Table 4 ). Similarly, among women, Table 2 . Sexual behavior and oral HPV prevalence, by age-cohort and gender. Table 3 . Sexual behavior and oral HPV prevalence, by race/ethnicity, and gender. When comparing white and black men, differences in sexual behaviors were consistent with the differences observed in oral HPV16 infection and cancer. Prevalence ratios for ever performing oral sex and .5 lifetime oral sex partners were 1.2 and 1.9, respectively for white compared to black men. There was a similarly modest increase in oral HPV16 infection (PR = 1.3) and OSCC (IRR = 1.2) among white compared to black men (Table 4) .
Multivariate Analysis of Risk Factors for Oral Sex
To further understand the contribution of these differences in oral sexual behaviors to the demographic differences in oral HPV16 prevalence, multivariate analyses were performed. We first evaluated the association between demographic characteristics of interest and oral sexual behaviors (Table 5 ). While male gender was not associated with ever having performed oral sex, men had on average five more oral sex partners than women (b = 5.23, 95%CI 1.91-8.56). Younger age-cohort and white race were each independently associated with increased odds of ever having oral sex (Table 5) . Indeed, compared to 60-69 yo the odds of ever oral sex were significantly increased among 45-59 yo (aOR = 3.16 95%CI = 2.31-4.32) and 30-44 yo (aOR = 7.23 95%CI = 4.83-10.82). Similarly, whites had higher odds of ever oral sex than blacks and on average had 4 more oral sex partners when compared with blacks (b = 4.2, 95%CI = 1.75-6.6). Therefore, gender, age-cohort and race were each independent predictors of oral sexual behavior (Table 5) .
By contrast, when evaluating the association between these demographic characteristics and prevalent oral HPV, after accounting for oral sexual behavior, age-cohort and white race were not associated with increased odds of oral HPV16 or any oral HPV (Table 5) . Indeed, in multivariate analysis, only number of oral sexual partners (p-trend = 0.03) and gender (aOR 5.0, 95%CI 0.71-35.3) were associated with increased odds of prevalent oral HPV16. Similar results were observed when examining predictors of any oral HPV infection (Table 5) . Results of these multivariate analyses were similar when stratified by gender and including all individuals 20-69 and adjusting for ever oral sex (Table S3 in File  S1) .
Discussion
This study describes gender, age-cohort, and racial/ethnic differences in oral sexual practices in a representative sample of the U.S population. These data reveal that there are differences in oral sexual behaviors when considering gender, age-cohort and race. Men, younger age-cohorts, and whites have higher exposures to the oral sexual behaviors associated with oral HPV16 infection and OSCC. [12, 13, 26] In multivariate analysis, oral sexual behavior and gender are each associated with the presence of an oral HPV16 infection, while age-cohort and race are not. This suggests that the observed epidemiologic differences in infection are a result of differences in oral sexual behavioral, and not by agecohort or race differences. This study is the first to explore whether differences in sexual behaviors across gender, age-cohort, and race account for differences in oral HPV16 infection and OSCC in these same groups.
The relative differences in prevalence of oral sexual behaviors, oral HPV16 infection, and OSCC incidence are dramatic when considering gender (Table 4) . Prevalence of oral HPV16 and incidence of OSCC are each 5-7 fold higher in men than women. Males, independent of age and race, have more oral sexual Table 3 . Cont. 
23.9%
Oral HPV prevalence , Race/ethnicity categories included white non-Hispanic (''white''), black non-Hispanic (''black''), Mexican-American, black and white Hispanic (''Hispanic''), and other races/multi-race (''other'').
*These categories do not include data on 60-69 year old individuals since this data was not collected in that age group. doi:10.1371/journal.pone.0086023.t003
partners as compared with females. Indeed, the incidence of HPV-OSCC has increased by 4-fold in men over the past 20 years, [2] while the proportion of men ever performing oral sex in these agecohorts has increased more modestly from 73% to 90%. Further, male gender is associated with oral HPV16 prevalence, even after accounting for oral sexual behavior. This suggests that in addition to the behavioral differences between men and women, namely higher cumulative exposure to oral HPV16 infection, additional gender-specific factors may account for the increased prevalence of oral HPV16 infection or incidence of OSCC in men compared to women. A potential explanation for male gender being an independent risk factor for oral HPV16 infection is that performing oral sex on a woman might have higher infection risk than performing oral sex on a man. [27] While there was a suggestion that oral HPV prevalence might be higher among lesbian than heterosexual women in this data, there were a limited number of lesbian/bisexual women in this study and this difference was not statistically significant. Genetic and immune differences may also contribute to the gender differences in oral HPV infection and HPV-OSCC. Notable age-cohort differences in oral sexual behaviors were observed. Our finding that oral sex was significantly more common among young adults than older adults is consistent with prior data. In recent decades, the age of sexual debut has decreased and the number of lifetime sexual partners has increased. [6, 11, 12] Although younger age-cohorts are more likely to report oral sexual behavior, age-cohort had no independent effect on the odds of oral HPV16 infection in this study. It appears that oral HPV16 infection varies as a function of oral sexual behaviors. While these oral sexual behaviors differ significantly by age-cohort, age does not appear to independently influence the presence of oral HPV16 infection (i.e. the differences in oral HPV are explained by differences in behaviors between the age-cohorts). This finding may be due to the age-categorization used, as the presence of a bimodal relationship of age and oral HPV prevalence has been suggested when this NHANES data was modeled. [22] We extrapolate from these data that these behavioral differences by age-cohort may similarly contribute to the observed increase in HPV-OSCC incidence. This is consistent with the hypothesis that changes in sexual behavior explain the increase in HPV-OSCC. However, it is important to recognize that cancers across anatomic sites increase with age, and that this question was not directly examined in this dataset.
This study also describes differences in oral sexual behaviors among blacks and whites in the U.S. Whites were significantly more likely than other races to report oral sexual behaviors, even after accounting for other important risk factors including age and gender. Yet, white race was not independently associated with oral HPV16 after adjusting for oral sexual behavior. Similar to agecohort differences in oral sexual behavior, racial differences in oral Table 4 . Prevalence ratios (PR) of sexual behavior*, and oral HPV infection and incidence rate ratios (IRR) of oropharyngeal cancer diagnosis, by gender, age-cohort and race. sexual behaviors explain the racial disparities observed in unadjusted oral HPV16 prevalence and possibly HPV-OSCC incidence (although this was not assessed in this study). Interestingly, while oral HPV16 infection was less common in blacks than whites, prevalence of any oral HPV was significantly more common in blacks than whites; it is unclear why this difference was observed. Given that tumor HPV status for SEER OSCCs is unknown, the ratio of HPV-OSCC comparing whites to blacks may be higher than our estimated incidence rate ratio for OSCC (Table 4) . However, it remains unlikely that these relative differences would be larger than the 1.9-2.5-fold higher behavioral differences observed in white compared to black men for high number of oral sex partners and oral sex around sexual debut. The racial differences in oral sex described in this study of individuals $20 yo, are consistent with another study of 15-19 yo, in which white males were three times more likely to engage in oral sex than black males [28] and whites were more likely to first perform oral sex at a younger age. A substantial difference in the ordering of sexual acts at sexual debut among blacks and whites was observed for both genders (PR male = 2.5, female = 3.2). The racial differences in first sexual act observed are similar to a study of 15-24 yo, where 27% of non-Hispanic black compared to 49% of non-Hispanic white youths performed oral sex as their first sexual act [14] .
In our analysis, we show that oral sexual behaviors vary by gender, age-cohort and race. We also describe similar relative differences in prevalence of oral HPV16 infection and incidence of HPV-OSCC. However, after accounting for oral sexual behavior, we learn that the age and race do not independently affect the odds of oral HPV16 infection. Instead, sexual behavior appears to be driving the prevalence of oral HPV16 infection and therefore, is likely to have a similar effect on HPV-OSCC (although not analyzed here). After controlling for number of oral sexual partners, gender remained associated with oral HPV prevalence, and was elevated but not statistically significantly associated with oral HPV16 prevalence; this suggests that while number of oral sexual partners may be the primary risk factor for oral HPV infection there may be other sexual factors (such as performing oral sex on a women compared to a man, or site of first HPV exposure (genital vs. oral), hormonal factors (sex steroids), or other unknown factors which also influence the observed gender difference in oral HPV prevalence. While this study suggests that changes in oral sexual behavior likely contribute to the observed increases in HPV-OSCC, there may be other unknown factors that may also contribute to these epidemiologic differences.
This study has several limitations and strengths. Study limitations include the lack of some sexual data in 60-69 yo, the lack of temporal data, and the limited number of individuals with oral HPV16 infection. The NHANES and SEER data are not linked, and HPV tumor status of OSCC in SEER is unknown. However, since ,70% of current OSCCs are HPV-positive, [3] the IRRs for HPV-OSCC may be higher. Strengths of this study include the large overall sample size with a wide range of ages and significant representation of blacks and other minority populations, as well as the availability of oral HPV prevalence data. NHANES data are representative of the U.S. population. SEER data provides population based cancer incidence estimates. These data are a significant contribution to the small but growing body of literature which examines the contribution of HPV to temporal changes in HPV-OSCC and the role of gender and race in these cancers.
This data provide an important context regarding changing sexual behaviors and the role these behaviors may play in the increasing incidence of HPV-OSCC. We learn from this data that oral sexual behaviors are common and that males, younger age groups, and whites report increased oral sexual behaviors, and thus likely have a higher exposure to oral HPV infections. However, age-cohort and race are not independent predictors of oral HPV infections, but rather affect the odds of oral HPV infection through differences in oral sexual behaviors. Similar to U.S. epidemiologic trends, OSCC appears to be rising among younger men in some economically developed countries, while incidence is decreasing or stable OSCC in other regions. [29] As the data presented in this paper relate only to U.S. sexual behaviors, additional research will be needed to understand whether similar changes in oral sexual behavior are occurring in other regions with increasing OSCC incidence.
Recent research suggests HPV vaccination is likely effective in preventing oral HPV infection among women, with efficacy expected among men as well. [30] As this study informs us that sexual behaviors and male gender are independently associated with oral HPV infection, the cause of HPV-OSCC, it underscores the need for early HPV vaccination among not only girls, but also among boys.
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